Recently biochips have attracted much attention for their ability in ultra-fast, parallel microanalysis and their potential application in the area of biochemical analysis and medical diagnosis. Unlike conventional microelectromechanical devices, most of biochips need not built-in microactuators and electrical circuits but relative simple microstructures such as chambers and channels. This is because simple and low-cost devices are suitable for disposable use in biochemical research and medical diagnosis. For this reason, functional disposable biochips containing simple, low-cost micropumps and valves have been developed. Optically driven biochips are one of the most promising components for the advanced functional biochips because of the flexible remote control of various types of microcomponents with high precision. To realize the optically driven biochips, we have already developed optically driven micromachines such as microgears and nanotweezers by using two-photon microstereolithography. One of current issues of the optically driven micromachines is the improvement of their driving force. To improve the optical torque, the thickness of the movable parts must be increased.
In this report, we tried to control the thickness of the movable parts by changing the exposure conditions and numerical aperture of an objective lens in the two-photon microstereolithography. Fig.  1 shows the proper exposure region in the numerical aperture of 1.35. If the laser power is too low, photopolymer cannot be solidified. On the other hand, if the laser power is too high, a solidified structure is destroyed owing to laser breakdown. The proper exposure condition is limited in the narrow area. Therefore the NA of the objective lens should be reduced to increase the solidified line width in depth. Fig. 2 (a), (b) show SEM images of microgears fabricated in different numerical apertures at each proper exposure condition. It was demonstrated that the thickness of movable microparts could be controlled with the optimization of both the numerical aperture and the exposure condition. The thickness was beyond 1.5 µm with the numerical aperture of 0.95.
Thick microgear can provide high optical torque because the optical force to move the movable microparts along the trajectory of the laser beam is generated at the side of the movable microparts. Fig. 3 shows the dependence of the revolution speeds of microgears on the thickness of the microgears. The revolution speed could be increased from 14.1 rpm to 28.3 rpm. In addition, we proposed a novel method to make engaged microgears as shown in Fig. 4(a) . Two microgears are fabricated in different heights. The microgears could be engaged after washing out unsolidified photopolymer. Such thick engaged microgears will be useful for high power micromachines such as micopumps for biochips. Two-photon microstereolithography can provide complicated three-dimensional microstructures with nearly 100 nm resolution in three-dimensions. This technique is one of promising methods to produce disposable functional biochips. However it needs a long time to fabricate thick microstructures owing to its high depth resolution. To solve this problem, we tried to control the thickness of microstructures by changing the numerical aperture of an objective lens and input laser power. As a result, we succeeded in fabricating microgears whose thickness is from 0.59µm to 1.57µm. We also demonstrated that the optical torque of the thick microgear was higher than that of the thin microgear. Additionally the microgear was stably rotated by the optimization of the clearance between the gear and the shaft. Finally we fabricated engaged cogwheels by making each microgear at different height to avoid sticking of the two microgears. 
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